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PART  I 
DISCUSSION  OP  THE  HARBOR  PROBLEM 
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PART   I 
DISCUSSION  0"P  THE  HARBOR  PROBLMT  • 
INTRODUCTORY  STATEJOilNT 

At  the  present  time  the  City  of  Chicago  is 
confronted  by  three  great  economic  and  engineer- 
ing problems  involving  the  health,  convenience, 
and  prosperity  of  its  inhabitants.  These  are:l, 
Electrification  of  Railways;   2,  Subway  Construction; 
and  3,  Expansion  of  Harbor  Facilities .    The  first 
has  been  postponed  repeatedly  through  the  power- 
ful opposition  of  the  railroads  who  have  advanced 
various  arguments  of  financial  disability  and  in- 
sufficiency of  working  data,  but  the  impetus  de- 
rived from  New  York's  successful  experiment  and 
the  voluntary  action  of  the  London  and  South  West- 
ern Railroad  in  deciding  to  electrify  its  entire 
system  of  273  miles,  makes  it  certain  that  this 
desirable  improvement  will  be  commenced  in  the  near 
future. 

Subway  construction  has  received  a  large  amount 
of  attention  of  late  and  tentative  plans  have  been 
prepared  for  the  city.  A  glimpse  of  Chicago's  "loop" 
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ments  through  the  freight  tunnel,  and  when  we  add 
the  conflict  with  park  development  and  the  "City 
Plan",  the  whole  aggregation  hecomes  a  problem  of 
the  greatest  magnitude. 

DECLIKE  0?  C0I:I.:ERCE 

Another  and  a  serious  phase  of  Harbor  pro- 
blem is  presented  by  the  decline  of  coramerce.   Chi- 
cago has  developed  its  wonderful  prosperity  from  its 
commerce  and  manufactures,  and  anything  which  tends 
to  retard  either  of  these  strikes  directly  at  its 
future  growth.   It  is  a  well  known  fact  borne  out 
by  statistics*  that  Chicago's  lake  trade  has  been 
steadily  declining  for  a  number  of  years  while  that 
of  other  and  less  favorably  situated  ports  has  in- 
creased.  Milwaukee,  Duluth,  Cleveland  and  Buffalo 
all  show  great  expansion.   Since  1900  the  total 
freight  tonnage  on  the  Great  Lakes  has  raore  than 
doubled,  but  in  spite  of  this  fact  the  Port  of  Chi- 
cago as  a  whole  to-day  occupies  the  same  position 
it  did  twenty  years  ago.   This  stationary  condition 


*See  Tables  1—5,  inc. 
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13  due  to  the  fact  that  although  Chicago  proper 
has  suffered  a  large  decline,  the  commerce  of 
South  Chicago  has  grown  proportionately.  However, 
the  increase  at  the  Calumet  River  is  made  up  entire- 
ly of  receipts  of  ore  so  that  it  has  not  gained  the 
traffic  which  the  Chicago  River  has  lost. 

There  are  two  reasons  why  Chicago  shipping 
has  declined.   One  of  these  is  natural  shifting 
and  change  of  business,  the  natural  falling  off  of 
some  of  the  coiriniodities  of  lake  comraerce  —  not- 
ably lumber  and,  to  a  less  degree,  coal.  The  other 
reason  is  the  artificial  obstructions  to  navigation 
which  has  made  it  both  impossible  and  uneconomical 
for  shipping  to  do  business  in  the  river.   The  ad- 
vent of  larger  ships  and  the  disappearance  of  tsiall- 
er  ones,  narrow  and  crooked  channels,  numerous 
bridges,  the  nuisance  of  bridge  hours,  shallow  water 
over  the  old  tunnels,  and  narrow  openings  at  the 
center  pier  bridges,  have  all  combined  to  produce 
the  conditions. 

The  accompanying  diagrams*  which  are  based  on 
statistics  taken  from  the  Report  of  the  Harbor 


^See  Jour.  V.S.E. Vol. 15, Report  on  Chicago  Harbor  Problem, 
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Coinmission  and  data  furnished  by  the  Board  of  Trade, 
will  illustrate  the  general  state  of  affairs.  Chi- 
cago's actual  condition  is  indicated  in  a  marked 
degree  "by  Fig,  3,  which  shows  for  the  ten  years  from 

1900  to  1910  that  while  Chicago's  population  has 

o/ 
increased  42  /o,  freight  "business  for  tha  Port  has 

O/  O/ 

declined  8.5  /o  and  at  the  Chicago  River  28  4, 
while  during  this  period  Milwaukee  has  made  a  gain 

0/ 

of  77  /q   and  the  total  lake  commerce  has  increased 
11  /. 
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REVIEW  OP  LOCAL  IMPROVEMENTS  AlID  EXPEIJDITURES 

It  is  interesting  to  note  that  more  than  forty 
years  ago  the  authorities  were  planning  elaborate 
harlior  developments,  although  extensive  improvements 
had  "been  undertaken  previous  to  that  time.   In  fact 
harhor  developments  "began  as  far  "back  as  1833  with 
an  appropriation  of  $25,000  hy  Federal  government. 
The  project  involved  consisted  in  the  formation  of 
a  channel  of  entrance  through  the  river  mouth  be- 
tween two  piers  extending  into  the  lake.  Before  the 
work  was  completed,  it  "became  evident  that  the  plan 
of  the  improvement  was  v/rong,f or,the  winds  and  cur- 
rents had  formed  a  sand  "bar  noross  the  end  of  the 
North  pier.   This  process  of  deposition  continued 
so  swiftly  that  by  1338  the  shore  line  had  extended 
into  the  lake  seven  hundred  feet  along  the  north 

pier.   The  direction  of  the  pier  way  then  changed 

1 
25  2  degrees  to  the  north,  but  without  any  better  re»» 

suits. 

Up  to  and  including  1369,  the  government  had 

expended  $41,600  and  the  City  $14,700  in  attempting 

to  improve  the  harbor.   In  1867  government  engineers 
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advised  the  construction  of  an  outer  hartor  and  in 
futherance  of  that  recoinmendation  protecting  "break- 
waters were  built,  but  in  the  controversy  and  li- 
tigation between  the  public  and  the  Illinois  Cen- 
tral Railroad  over  the  question  as  to  who  should 
control  the  proposed  harbor,  the  improvement  was 
blocked.  Since  then  both  City  and  5'ederal  govern- 
ment have  expended  large  sums  on  harbor  improvements. 
According  to  Mr, A.M.  Liljencrantz,M.W.S.E. ,  the 
expenditures  have  totalled  as  follows:— 

CHICAGO  RIVER, 

Dredging  River  and  branches  to 

17  ft.  depth,  1896  -  98, tlSQ  ,351.75 

Widening  at  narrowest  bends  and 
dock  corners  139  9— 1901( including 
cost  of  removed  land  and  build- 
ing new  docks)  $203,788.68 

Constructing  two  turning  basins  $464,900.22 

Dredging  and  rock  excavation  to 

21  ft.  depth, 1908  -  9 $458,469,05 

Salaries  and  other  contingencies  $  24,276.95 

Total  -  -  -   $l-i  340,786.65 
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CHICAaO  HARBOR  $2,552,039.85 

CHICAGO  RIVER  |l ,340,786. 65 

CALUJOilT  HARBOR, 

Dredging,  Piera,  and  Breakwaters  —  ^■1,479,788,48 

CALUJIET  RIVER, 

Dredging  and  Rock  Excavations $  860,503.79 


GRAND  TOTAL,  Dec.  1909,  -   C'6 ,233,118,77 

ACTIVITIES  OF  OTHER  CITIES 

In  spite  of  these  large  outlays,  harlsor  de- 
velopment iias  failed  to  keep  pace  with  the  require- 
ments of  commerce.   If  Chicago  is  to  maintain  her 
commanding  position  and  Decome  the  greatest  city 
of  America,  as  Baron  Rothschild  once  predicted, 
she  must  "be  alive  to  existing  conditions.  Other 
cities  are  improving  their  harbor  facilities  and 
are  making  great  efforts  to  increase  their  commerce, 
Cleveland  and  Buffalo  both  have  recently  constructed 
new  "breakwaters,  Philadelphia  has  organized  a  Har- 
bor Commission,  while  New  York,  Boston,  Baltimore 
and  San  Francisco  are  making  improvements,  which 
involve  the  expenditure  of  many  millions.   The  Fed- 
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eral  government,  too,  has  done  more  for  other  hartorst 
Chicago  ranks  sixth  in  absolute  amounts  received, 
and  last  in  proportion  to  population, 

CHICAGO'S  STRATEGIC  POSITION 

A  port  becomes  a  great  coinmercial  focus  in  pro- 
portion to  the  development  of  certain  factors  which 
determine  the  flow  of  commerce,  — :—  First:   The 
production  of  goods  in  the  interland,  which  may  find, 
by  way  of  the  port,  a  market  in  the  world  outside. 
Second:   The  degree  in  which  the  interland  becomes 
an  active  market  for  the  importation  of  goods  from 
other  productive  regions.   Third!   The  development  Ctr 
facilities  for  the  efficient  handling  and  trans- 
portation of  goods, 

Chicago  possesses  an  especially  advantageous 
location  as  a  commercial  and  industrial  center.  The 
richness  of  the  surrounding  agriculture  and  stock- 
raising  area,  the  nearness  of  iimnense  deposits  of 
coal  and  ore,  and  the  presence  of  large  timber  sup- 
plies adjacent  to  the  Great  Lakes  are  all  important 
factors  which  have  entered  into  the  development  of 

*See  Report  Harbor  Commission,  pp.  263-6. 
— :-  Prof.  .7.  Paul  Goode. 
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this  city  into  a  metropolis.  The  attendant  expan- 
sion of  coaiinerce  and  industry  has  made  Chicago  the 
greatest  railroad  center  in  the  world,  and  has  caused 
it  to  rise  within  the  memory  of  living  men  to  the 
position  of  fifhh  among  the  great  cities  of  the  earth. 

The  advantages  of  St.  Louis  with  reference  to 
the  enormous  central  area  of  production  just  men- 
tioned were  equally  as  great,  if  not  greater,  than 
Chicago's,  but  she  lacked  a  water  route  to  the 
East,   Chicago's  location  at  the  foot  of  Lake  Michigan 
gave  her  a  choice  of  transportation  routes,  while 
the  potential  competition  of  the  water  routes  forced 
the  rates  hy  rail  far  below  those  granted  to  inter- 
ior cities.   This  discrimination,  which  was  of 
great  benefit  to  merchants  here,  in  turn  diverted  a 
large  amount  of  East-West  freight  to  the  route 
along  the  Great  Lakes. 

LOCATION  OF  HARBOR 

Consequently,  since  Chicago's  supremacy  and  pros- 
perity has  bean  based  largely  on  this  water  route, 
the  conservation  and  progressive  improvement  of 
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water  facilities  is  of  vital  importance.   In  con- 
sidering the  location  of  desired  improvements,  it 
is  well  to  remember  that  harbors,  as  classified  'by 
Mr,  John  M,  Ewen,  are  of  two  kinds,  commercial  and 
industrial,  A  "Commercial  Harbor"  is  one  which 
is  located  conveniently  near  the  heart  of  the  city 
and  which  makes  provision  for  the  delivery  of  pas- 
sengers arriving  by  vessel,  and  for  the  freight 
that  is  used  locally,  including  coal,  fruit,  vegetables 
and  merchandise.   Such  a  harbor  must  also  provide 
for  a  certain  amount  of  through  business  handled 
by  steamers  carrying  local  freight.  An  "industrial" 
Harbor  supplies  facilities  for  handling  comMOdities 
which  ars  required  for  manufacturing,  and  also  traf- 
fic which  is  in  transit  through  the  city.   It  should 
be  located  in  a  manufacturing  neighborhood  where 
land  is  cheap  and  where  railroads  with  their  freight 
yards,  switch  tracks,  etc,,  are  in  close  proximity. 

In  1909  the  Harbor  Commission  recommended 
that  an  industrial  harbor  be  constructed  at  South 
Chicago  by  the  transformation  of  Lake  Calumet,  and 
a  bill  providing  for  such  an  improvement  ia  now 
pending  before  the  State  Ligislature,   The  proposed 
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project  (see  map)  contesiplatea  cutting];  a  channel 
300  feet  wide  from  the  Caliuuet  River  to  the  North 
end  of  Calumet  Lake,  then  dredging  a  channel  1000 
feet  wide  to  the  Southwest  corner  of  the  lake  and 
filling  in  the  remainder  of  the  lake  with  the 
spoil  from  this  excavation.   The  report  of  the 
Chiperfield  Committee  on  submerged  lands  shows 
that  there  are  2715,03  acres  included  within  the 
meander  linea  of  Lake  Calumet,  387,99  acres  of  which 
are  land,  Exclisive  of  the  part,  used  for  the  chan- 
nel and  adjacent  slips,  hundreds  of  acres  of  land 
can  he  created,  the  value  of  which  would  cover  the 
cost  of  the  undertaking. 

The  Calumet  District  offers  an  ideal  situa- 
tion for  a  great  industrial  harbor.  Located  away 
from  the  valuable  residence  districts,  and  in  a 
manufacturing  region  v/here  large  tracts  of  cheap  land 
are  available  for  factory  sites,  and  with  the 
possibility  of  cheap  power  from  the  Sanitary  Dis- 
trict, such  a  harbor  would  afford  advantageous  con- 
nections with  thirty-four  railroads  now  entering 
Chicago  and  would  provide  for  the  handling  of  all 
traffic  by  direct  communication  between  rail  and 
water. 
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In  regard  to  the  location  of  the  commercial 
harbor  there  are  conaideralsle  variations  in  views. 
The  officials  of  the  steamship  lines  engaged  in 
passenger,  package,  and  fruit  "business  are  generally 
of  the  opinion  that  the  "best  thing  that  could  "be 
done  to  satisfy  their  needs  would  "be  to  construct 
three  piers  projecting  into  the  lake,  just  north 
of  the  river  mouth,  as  recoinmended  "by  the  Har"bor 
Commission.   This  location  is  reached  "by  only  one 
freight  railroad,  the  northwestern,  "but  as  it  is 
difficult  and  costly  to  "build  ela"borate  terminals 
and  "bring  railway  tracks  to  docks,  the  easiest  and 
least  expensive  scliene  v/o;j.ld  oe   to  transport  loose 
freight  and  loaded  railway  cars  to  and  from  the 
docks  and  rails  "by  means  of  lighterage  and  car 
ferriage. 

The  port  of  Hamburg  had  to  face  a  somewhat 
similar  pro"blem  to  that  which  confronts  Chicago  at 
the  present  day.*  The  enormous  increase  in  draft  in 
the  Trans-Atlantic  steamships  had  to  "be  met,  and 
that  city's  solution  of  the  pro'blem  tvas  an  outer 
har"bor  and  the  lighter.  The  lighter  is  one  of  the  great 
causes  of  Ne\7  York's  supremacy  in  the  United  States, 

*See  Report  of  Harbor  Com, , "Development  of  Cocicier- 
cial  Ports"  "by  J.  Paul  Goode. 
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According  to  the  census  report  of  1906, there  was 
a  traffic  hy  water  in  Hew  York  harhor  of  over 
113,000,000  tons,  of  which  about  33,000,000  tons 
was  in  the  coast  trade,  25,000,000  tons  in  foreign 
trade,  and  55,000,000  in  harbor  traffic  —  that  is, 
there  v/as  a  large  and  lighter  traffic  far  in  excess 
of  the  combined  rail  and  water  conimerce  of  Chicago, 

One  fact  is  certain,  the  Chicago  River  has 
not  taken  care  of  the  City's  commerce  for  the  past 
ten  years  and  is  not  doing  so  now.   As  far  back 
as  1867,  Colonel  Wheeler,  then  District  Engineer, 
and  also  a  special  board  of  other  Engineer  officers, 
reported  that  the  Chicago  River  was  not  then,  and 
never  could  be,  able  to  take  care  of  its  ftrowing 
commerce,  and  that  the  occupation  of  the  lake 
front  by  docks  and  piers  was  a  public  necessity. 
The  current  alone  has  destroyed  the  river  for  har- 
bor purposes,  and  with  bridges  occurring  every 
three  or  four  hundred  feet  apart,  it  is  impossible  to 
bring   in  any  of  the  large  modern  ships.  If  freight 
is  to  be  carried  cheaply,  it  must  be  carried  in 
large  quantities;   this  is  borne  out  by  the  fact 
that  nearly  three— fourths  of  the  commerce  of  the 
Great  Lakes  is  handled  by  vessels  four  hundred  feet 
or  more  in  length. 
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As  illustrating  the  unsatisfactory  condition 
of  terminal  facilities  at  Chicago,  it  is  reported 
that  sugar  is  now  received  at  Milwaukee  "by  water 
and  then  brought  to  this  city  by  rail,  "because  fa- 
cilities for  disgharging  cargo  are  so  much  more 
favora"ble  at  Milwaukee  as  to  compensate  for  the 
additional  rail  charge  from  that  port  to  this.  Ac- 
cording to  Mr,  William  H.  Johnson,  General  Western 
Agent  of  the  Anchor  Line,  the  disabilities  of 
steamers  doing  business  at  Chicago  as  compared 
with  other  ports  are  as  follows:—   Loading  and 
unloading  freight,  Chicago,  thirty— nine  cents  a 
ton;   Duluth  and  Milwaukee,  twenty— three  cents  a 
ton.   Towing  bills,  Chicago,  50 '7a  grea"ter  than  at 
any  other  port.    Under  the  most  favorable  circvmi- 
stances  at  Chicago,  a  steamer  can  handle  1200  tons 
a  day;  at  Gladstone  and  Manitowoc,  3800  tons  a  day; 
at  Duluth,  4000  tons  per  day,    A  4000  ton  steamer 
can  take  her  load  in  one  day  at  Duluth;   it  re- 
quires three  days  at  Chicago. 

Mr,  Ford,  another  steamship  agent,  states; 
"The  modern  steamer  costs  from  six  to  eight  dol- 
lars a7iki»j^-to  operate  after  she  is  put  in  commission. 
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That  makes  nearly  two  hundred  dollars  a  day  for 
twenty— four  hours,  and  the  only  way  she  can  off- 
set this  cost  is  "by  running  and  earning  it.  There- 
fore, if  a  boat  comes  to  Chicago,  with  a  cargo  and 
is  twenty— four  hours  in  getting  rid  of  it,  she  is 
out  two  hundred  dollars,  not  to  include  from  two 
hundred  to  five  hundred  dollars  for  river  towage. 
Naturally  the  owner  will  not  send  her  here  again, 
if  he  can  possihly  get  a  cargo  elsewhere."   This 
is  true  especially  of  steamers  carrying  miscella- 
neous freight  for  they  must  pick  up  and  discharge 
their  cargoes  at  various  docks  along  the  river, 
which  results  in  delay,  inconvenience,  large  cost 
for  tug  service,  and  frequent  opening  of  "bridges. 

The  Committee  of  the  Western  Society  of  Engi- 
neers on  the  Chicago  Harbor  Problem  summarized  the 
most  important  constructive  features  of  the  harbor 
problem  in  the  following  items; 

(1)  That  the  best  location  for  the  estab- 
lishment of  nev/  docks  is  on  the  lake  front  at  the 
mouth  of  the  Chicago  River, 

(2)  That  the  easiest,  least  expensive  and, 
at  the  present  time,  most  feasible  connection  be- 
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tween  rails  and  docks  in  an  outer  harbor  may  "be 
established  "by  means  of  lighters  transporting 
either  railv/ay  cars  or  loose  freight, 

(3)  That  a  lighterage  service  between  dif- 
ferent points  on  the  river  would  afford  a  nev/  and 
valuable  system  of  transport  for  handling  goods  in 
competition  with  teams,  which  would  result  in  econ- 
omy as  well  as  relief  from  congestion  in  the  city 
streets, 

(4)  That  while  it  is  desirable  to  keep  as 
much  large  shipping  out  of  the  Chicago  River  as 
possible,  so  that  the  interruption  to  traffic 
crossing  bridges  may  be  reduced  to  a  mi nimvrni, hard- 
ships should  not  be  imposed  on  shipping  which 
finds  it  necessary  to  discharge  and  take  cargo  at 
docks  located  on  the  branches  of  the  river, 

(5)  That  if  an  entrance  to  a  deep  waterway 
through  the  Desplaines  Valley  to  the  Mississippi 
River  becomes  necessary,  such  entrance  be  in  the 
Calumet  district  by  way  of  the  Sag  Valley, 

(6)  That  the  development  of  the  Calumet  Ri- 
ver be  carried  out,  with  a  view  to  making  it  an  in- 
land harbor,  rather  than  the  Chicago  River, 
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(7)  That  any  improvements  "be  carried  out  in 
such  a  manner  as  to  impose  the  least  possible  tax 
on  shipping, 

MUMICIPAL  OPERATION 

Municipal  operation  of  public  utilities  has 
received  a  large  amount  of  attention  in  recent 
years,  "but  as  yet  has  not  acquired  a  very  firm  hold 
in  this  country.   In  Europe  public  ownership  of 
docks  and  harbor  facilities  is  the  prevailing  cus- 
tom, but  in  the  United  States  most  of  the  docks 
and  piers  are  provided  by  the  railroads.   This  is 
true  especially  of  Boston,  Philadelphia,  Newport 
News,  Galveston  and  the  Lake  ports.  Piers  at  Balt- 
imore are  m.unicipally  owned  and  are  leased  at  a 
certain  price  per  square  foot,  but  the  superstruct- 
ures or  sheds  are  built  by  the  various  lessees  to  suit 
their  own  requirements.   The  City  of  New  York  owns  a- 
bout  twenty— five  miles  of  the  total  Manhattan  water 
front  of  forty  miles.   This  is  leased  to  shipping 
interests  requiring  wharfage,  and  is  under  the 
authority  of  the  Department  of  Docks  and  Perries, 
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which  also  has  control  over  all  work  done  on  pri- 
vate water  front  property. 

The  committee  of  the  7/estern  Society  on  the 
Harbor  Problem  was  of  the  opinion  that  public  own- 
erships of  harbor  facilities  was  not  in  accordance 
with  good  polity;   that  it  would  not  be  necessary 
or  desirable  for  the  miinicipality  to  construct  and 
own  docks,  to  be  leased  to  others,  if  private  enterp 
prise  could  be  depended  on  to  do  so,  but  that   it 
would  be  necessary  for  the  city  to  exercise  pro- 
per control  over  such  facilities  as  would  be  de- 
veloped by  private  interests. 

In  view  of  the  fact  that  the  City's  financial 
situation  is  not  such  as  to  warrant  it  in  under- 
taking the  work  of  development  on  the  basis  of 
immediate  municipal  ownership,  the  practical  thing 
to  do  seems  to  be  to  give  the  Sanitary  Board  the 
power  to  go  ahead  with  this  work.   The  Sanitary 
District  is  a  creation  of  the  State,  is  officered  by 
citizens  of  Chicago,  has  a  good  business  and  eng- 
ineering organization,  and  has  at  its  disposal  the 
funds  necessary  for  undertaking  and  carrying  on 
this  work  in  a  speedy  and  proper  manner. 
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In  conclusion  it  is  only  necessary  to  say 
that  irrespective  of  whether  the  desired  improve- 
ments are  carried  out  "by  the  City,  the  Sanitary 
District,  or  by  private  corporation,  harhor  de- 
velopments should  "be  along  the  line  of  a  general 
plan  which  will  give  Chicago  a  harbor  not  only 
commensurate  with  present  necessities,  but  one 
that  will  provide  for  future  expansion. 
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PART   II 
THE  PROPOSED  DESIGN 

GENERAL  PLAN 

The  general  plan  for  the  harbor  improvement 
contemplates  the  construction  of  three  large  piers-^ 
141  feet  wide,  each  projecting  straight  into  the 
lake  1200  feet  at  or  near  the  foot  of  Indiana  St, 
The  slips  "between  piers  are  two  hundred  feet  wide. 
As  the  business  of  the  harhor  increases,  these 
piers  can  "be  progressively  developed  futher  into 
the  lake  or  else  additional  piers  can  he  "built. 
Protection  on  the  East  is  afforded  "by  the   outer 
"breakwater,  and  on  the  South  "by  an  extension  of 
the  present  North  pier.   In  order  to  break  the  sea 
from  the  North,  either  the  government  break -water 
is  to  be  extended  west-ward  or  else  an  arm  built 
from  Lincoln  Park, 

Like  the  new  piers  at  Boston  and  San  Erancis- 
co,  these  piers  are  covered  completely  by  a  structural 
steel  roof  system.   Thirty— four  feet  on  each  side 
is  utilized  for  ware-rooms,  offices,  waiting  rooms, etc. 
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A  roadway  thirty— six  feet  in  width,  flanked  on  both 
sides  hy   walks  nine  feet  v/ide,  extends  the  entire 
length  with  the  exception  of  the  outer  twenty  feet, 
which  is  open. 

Seven  steamship  lines  doing  passenger,  package 
and  fruit  "business  will  use  these  piers.   They  are: 

Graham  &  Morton  Transportation  Company,  five  steamers, 
Chicago  to  Holland  and  St.  Joseph, 

Goodrich  Transportation  Company,  nine  steamers,  Chi- 
cago to  ports  in  Wisconsin  &  Michigan, 

Northern  Michigan  Transportation  Company,  four 

steamers,  Chicago  to  Mackinac  Island  and  in- 
termediate points  in  Michigan, 

Dunkley-Williams  Line,  five  steamers,  Chicago  to 
South  Haven, 

Barry  Transportation  Company,  two  steamers,  Chi- 
cago to  Milwaukee, 

Indiana  Transportation  Company,  tv;o  steamers,  Chi- 
cago -and-Michigan  City. 

Hill  Transportation  Company,  tv/o  steamers,  between 
Chicago,  Waukegan  and  Kenosha, 
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Several  of  these  steamers  are  used  by  a  large 
ntunber  of  passengers,  at  times  amounting  to  15,000 
a  day,  who  make  excursions  to  nearby  lake  ports. 
Per  the  accommodation  of  these  passengers,  the  car 
line  on  Indiana  St.  is  extended  to  the  lake  front, 
thus  intercepting  the  Wells,  Clark  &  State  St, 
lines.   The  City  Council  has  already  granted  the 
Chicago  Railways  Company  a  franchise  for  this  ex- 
tension. 

Rail  connections  are  supplied  with  the  North- 
western Railroad  so  that  freight  may  be  transported 
directly  to  and  from  the  docks.   In  case  it  should 
be  desired  to  use  any  pier  exclusively  for  bulk 
freight,  railroad  tracks  could  be  run  directly 
onto  the  pier  with  only  a  slight  alteration  of 
the  original  design.   This  could  be  accomplished 
by  omitting  the  sidewalks  and  by  building  a  track 
upon  a  system  of  trestle  bents  constructed  inde- 
pendently of  the  substructure  of  the  pier,  A  sim- 
ilar method  was  adopted  at  the  Boston  terminal  of 
the  Boston  and  Albany  Railroad,  in  which  case 
the  tracks  were  depressed  so  that  cars  might  be 
loaded  and  unloaded  directly  upon  a  level  with  the 
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floor  of  the  pier. 

The  design  ,of  suitaljle  v/laarfage  structures  for 
the  harlDor  inav  oe  divided  into  three  parts:  (1)  Piers; 
(2)  Bulk— heads  or  sea-walls  to  retain  the  solid 
fill  of  the  shore:  (3)  Pier-sheds  or  steel  super- 
structure for  the  temporary  storage  of  freight, 

PIERS 

The  predominating  motive  in  designing  a  pier 
should  be  the  preparation  of  a  suitable  structure 
to  serve  as  an  intermediary  in  the  reception  and 
transmission  of  freight.  It  is  in  no  sense  a  ware- 
house or  a  storage  plant.   In  construction  it  should 
"be  light  and  elastic,  rather  than  rigid,  "For  this 
reason  and  also  because  of  economy,  most  piers 
have  been  built  of  timber.   If  it  were  not  for  their 
perishability,  wooden  piers  as  now  constructed, 
would  be  almost  ideal,  but  even  this  is  not  a 
great  drawback.  The  average  life  of  a  timber  pier 
on  the  North  and  East  Rivers,  New  York  City,  is 
about  forty  years,  and  it  appears  there  that  before 
a  pier  reaches  its  limits  of  durability  it  ivill 
more  than  likely  have  outgrown  its  usefulness  and 
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will  have  to  be  replaced  "by  a  more  modern  structure, 
Furthermore,  all  timlDer  structures  in  the  New  York 
Harbor  are  subject  to  the  ravages  of  the  teredo 
and  limnoria, although  it  is  interesting  to  note 
that  sewage  pollution  has  driven  away  this  destruct- 
ive form  of  aniiiial  life  from  several  localities, 
Chicago  docks  have  riBrer  \>een   troubled  in  this  way, 
as  the  waters  of  Lake  Michigan  are  free  from  these 
animals. 

In  regard  to  costs,  the  New  York  Docks  De- 
partment states  that  an  eighty  foot  pile  driven  and 
cut  off  in  the  work  costs  from  |18,00  to  |20.00, 
and  in  case  such  a  pile  could  iiot  furnish  the  fric- 
tior^al  resistance  required,  it  can  be  logged  so  that 
it  will  drive  to  refusal,  and  would  then  cost  a- 
bout  #28.00, 

A  concrete— steel  pile,  supported  by  surface 
friction  would  have  but  little  more  efficiency 
than  a  logged  pile  and  would  cost  in  the  vicinity 
of  $120,00,  —  from  four  to  six  times  the  cost  of 
a  wooden  pile.   Costs  in  Chicago  for  wooden  piles  are 
approximately  the  same,  being  25c  per  linear  foot. 
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While  the  number  of  reinforced  concrata  piers 
has  been  increasing  lately,  especially  along  the 
Pacific  coast,  yet  it  is  a  significant  fact  that 
the  largest  piers  of  recent  construction  have  been 
of  timber.   This  is  true  of  the  piers  of  the  im- 
mense Chelsea  Improvement  Project,  in  the  New  York 
Harbor,  of  the  Holland  Aiierican  Line  pier  at  Ho- 
boken,  New  Jersey,  and  of  the  ocean  piers  at   the 
Boston  terminal  of  t'jii   Boston  aid  Albany  Railroad, 

Prora  the  above  considerations  of  cost,  utili- 
ty, and  general  practice,  it,  therefore,  seems 
that  a  timber  pier  best  fulfills  all  the  require- 
ments. The  construction  of  such  a  pier  is  very  simple 
since  the  waters  of  Lake  Michigan  are  shallow  for 
a  long  distance  fro:a  the  present  shore  line,   and 
would  not  be  of  greater  depth  than  twenty— two  feet 
at  the  end  of  the  projected  pisrs.   In  fact,  at  a 
distance  of  one  mile  from  shore  the  water  is  only 
twenty— six  feet  deep. 

The  piers,  as  planned  are  of  solid  construction 
similar  to  those  in  the  Baltimore  Harbor,  — 
that  is,  they  are  filled  in  with  sand  and  clay  ob- 
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tained  "by  dredging  the  slips  to  a  depth  of  twenty- 
three  feet.   Since  the  area  of  the  slips  is  great- 
er than  that  of  the  piers,  ii  is  estimated  that 
the  soil  dredged  from  the  slips  will  just  balance 
the  amount  of  fill  required.  Thus  the  whole  pro- 
ject could  be  completed  in  a  short  time  with  very 
small  expense. 

The  details  of  construction  are  as  follows:— 
The  piles  are  driven  in  transverse  rows  which  are 
spaced  ten  feet  apart.   Extra  transverse  rows  are 
inserted  under  the  roadway  making  the  spacing  there 
five  feet.   In  each  transverse  row  the  piles  are  spaced 
six  feet  on  centers,  except  the  three  outer  piles 
which  are  three  feet  on  centers.   The  transverse 
rows  are  clamped  together  by  means  of  two  6"X  12" 
sticks  at  the  tops  of  the  piles  and  are  braced 
horizontally  at  1,5  feet  bolov  city  datum  with 
5  '  X  lO'sticks,  Both  transverse  and  longitudinal  rows 
are  diagonally  braced  with  5"  X  10'  pieces,  which 
extend  from  the  horizontal  bracing  to  the  clamp- 
ing. 

Under  the  two  outer  corners  o.'^   eacli  rier 
triere  is  placed  a  cluster  of  seven  piles  securely 
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chained  together;   this  gives  added  stability  and  also 
forms  a  fulcrum  for  warping  vessels  into  the  slips, 
A  cluster  of  four  piles  is  placed  under  each  column 
of  the  pier  sheds. 

The  floor  system  of  the  piers  consists  of 
4  X  lo"  planking  laid  transversely  across  the 
ranger  system  which  consists  principally  of  12"  X 
12"  timbers  capping  the  longitudinal  rows  of  piles 
and  extending  the  entire  length  of  the  piers.  ¥id- 
v/ay  between  any  two  adjacent  12*'  X"  12"  pieces 
are  placed  6"  X  12"  pieces.  Under  the  roadway 
an  extra  6"  X  12"  is  added  and  the  two  are  then 
spaced  18"  apart. 

The  v/earing  surface  of  the  floor  is  composed 

of  1  2  "  X  10"  sheathing  laid  longitudinally. 

The  sidewalks  are  composed  of  the  same  material 

1 
laid  transversely  with  2  "  spaces.   The  roadway  is 

paved  wUh  Shiman  sectional  bituminated  hardwood 

3 
paving,  3  1"  thick.   It  is  crowned  4"  at  the  center. 

Curbing  is  formed  by  8"  X  8"  sticks. 

About  ten  feet  from  the  outer  end  of  every 

pier  and  six  feet  from  each  side,  is  placed  a  line 
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of  sheet  piling  fastened  to  the  adjacent  pile  rows. 
This  piling  consists  of  4"  X  12"  planks,  30  feet  long, 
fattened  with  3"  X  12"  stuff.   Its  purpose  is  to 
retain  the  solid  fill  of  the  piers. 

The  entire  pier,  in  each  case,  is  surrounded  by 
a  fender  system  composed  of  12"  X  12"  oak  timbers 
which  are  placed  at  an  elevation  of  two  feet  above 
city  datum.  Mooring  posts,  spaced  forty  feet  apart, 
are  placed  along  each  side  and  the  end  of  each  pier 
and  are  securely  braced  and  tied  to  inner  piles. 
All  the  other  parts  of  the  piers  are  securely 

fastened  with  chains,  dock  spikes,  drift  bolts 

1 
1  "S"  "  X  24"   and  screw  bolts  which  vary  from  l"  to 

1 
14**   in  diameter  and  from  12  inches  to  12  feet  in 

length.  All  joints  in  timber  and  all  bearings  where 

one  timber  crosses  another  are  liberally  treated 

with  tar  or  dead  oil,  while  the  heads  of  piles  are 

treated  with  asphaltic  cement. 
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BULKHEADS 

The  bulkheads  are  constructed,  in  the  main, 
according  to  dock  specifications  of  the  City  of 
Chicago,  an  extract  of  which  is  appended.  They  consist 
of  oak  piles,  capped,  sheathed  with  sheet  piling  and 
"battens,  and  anchored  "back  by  wrought  iron  rods 
to  anchor  piles  and  back  logs,  Pender  wales  are 
attached  to  the  bulkhead.   The  bulkheads  are  con- 
structed in  conformity  with  the  piers,  which  are 
built  into  them  at  the  shore  inter-sections. 

In  general  all  timber  for  piers  and  bulkheads 
is  of  long  leaf,  southern,  yellow  pine.  Piles  are 
required  to  be  of  sound  and  straight  white  oak, 
white  pir-3,  yellow  pine,  Norv/ay  pine,  or  cypress 
with  eight  inch  points  and  usually  not  less  than 
16"  butts.   They  are  forty  and  fifty  feet  in  length 
and  are  driven  until  they  refuse  to  penetrate  fur- 
ther than  one— third  of  an  inch  under  the  blow  of 
a  half— ton  ram  or  hammer  falling  twenty'-  feet,  or  a 
result  of  the  same  mechanical  action  from  a  dif ) 
ferent  weight  and  drop. 
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The  largest  area  tributary  to  any  pile  in  the 
piers  is  sixty  square  feet.  At  an  assumed  load  of 
350  pounds  per  square  foot,  this  would  make  the 
maximum  load  to  be  carried  by  one  pile  21,000 
povinds.   Since  the  safe  value  of  a  pile  in  a  sound 
bearing  surface  of  sand  may  be  taken  as  19  tons, 
the  above  figure  is  within  the  limits  of  safety, 

EXTRA.CT  ?ROM 
CITY  DOCK  SPECIl^ICATIONS 

DOCK  OR  PROHT  PITIES 

To  be  straight,  sovmd,  white  oak  piles,   40 
feet  long,  tapering  graduallj--  from  point  to  butt-f 
not  less  than  eight  inches  diameter  inside  the  bark 
at  small  end  and  not  exceeding  18  inches  iBside  ' 
the  bark  at  TDUtt  end.  All  bark  shall  be  stripped 
from  the  parts  of  piles  that  will  project  above 
water  line  after  driving. 

The  dock  piles  shall  be  driven,  spaced,   not 
exceeding  5  feet  centre  to  centre,  well  aligned. 
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ANCHOR  PILES 

To  "be  30  feet  long  and  18  inclieti  in  diameter 
at  the  "butt.   To  be  driven  as  shov/n  on  plana  in  a 
line  parallel  to  the  front  rov/  and  not  exceeding 
8  feet  centre  to  centre,  and  at  a  distance  from 
the  front  row  to  allow  anchor  or  tie  rods  35  feet 

long  to  be  used, 

* 

BACK  LOGS 

To  "be  placed  behind  the  anchor  piles,   with 

the  top  surfaces  about  2  feet  above  Chicago 

datum.  The  back  logs  shall  be  10  X  12  inches, 
Norway  pine,  or  12  X  12  inch  hemlock,  laid  a- 
gainst  the  anchor  piles  which  shall  be  flatted  at 
crossings  to  give  better  bearings. 

The  sticks  shall  be  not  less  than  16  feet  in 
length,  each. 
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CAPS 

The  front  or  dock  row  of  piles  shall  he  sawed 

off  in  one  horizontal  plane  and  capped  with  one 

course  of  sound  white  oak,  at  least  12  X  12  inches, 

the  stock  in  the  caps  to  he  not  less  than  22  feet 

in  length  and  joined  together  with  splice  joints 

1^ 
machine  holted  through  the  splices  with  two  14  2 

X  1   inch  machine  holts  at  each  splice,  driven  in 

holes  hored  1—16  in,   less  diameter  than  holt. 

The  caps  shall  he  holted  to  the  heads  of  the  piles 

1 
hy  one  headed  drift  holt  24  inches  long  and  1  2 

inches  in  diameter,  at  each  pile  head  crossing. 
Nailed  or  spiked  to  the  cap  tinher  in  restr  and  im- 
mediately ahove  the  upper  stringer  shall  he  placed 
a  3  X  6   in,  white  oak  filler  overlapping  the 
splices  in  the  cap,  making  the  cap  practically 

12  X  15   in.  white  oak.  There  shall  he  four 

3 
10  X  8  in,  hoat  spikes,  two  on  each  side   of 

splices  in  cap  timher,  driven  through  the  filler 
and  into  the  cap  tiraher,and  at  intervals  not  ex- 
ceeding 4  feet,  and  at  each  end  of  the  filler 
planks   there  shall  he  driven  t.iro  spikes. 
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STRINGERS  OR  TRILMERS 

To  be  three  in  niunljer  to  support  the  dock 
sheeting.   One  stringer,  3  X  12  in,   white  oak, 
shall  he   placed  just  below  the  cap  filler  and  spiked 
to  the  piles  with  two  10   im,  steel  wire  nails 
or  boat  spikes  at  each  pile  and  at  each  end  of 
plank;   one  4  X  12  ixj,  pine  shall  be  placed  ,53 
feet  belov/  Chicdi^o  City  Datum,  and  one  -•     X  12 
in,  pine  shall  be  placed  12  fer^t  below  Chicago 
City  Datum  as  mud  sill, 

SHEET  PILING 

Each  pile  to  consist  of  4  X  12  in,  white 
oak  or  Oregon  Pir  plank,  30  feet  long,  driven  close 
behind  the  front  row  of  piles.   Said  plank  shall 
have  bearing  on  the  stringers  and  mud  and  be   se- 
curely spiked  through  the  cap  filler  to  tJie  12  X 
12   in,   cap  ti-nber, 

BATTERS 

The  joints  or  cracks  betwaan  the  sheet  plank 
shall  be  carefully  battened  with  3  X  12  in. 
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pine  iDatten,  either  white,  Norway,  or  long  leaf 
yellow  pine,  20  feet  long,  properly  nailed  on. 

Sheeting  or  "batten  cracked  or  split  in  driv- 
ing shall  not  te   accepted, 

THE  RODS 

1 

To  he  35  feet  in  length,  of  >^'/rought  iron  1  4 

in,  diameter,  placed  not  exceeding  five  feet  a- 
part,  passing  through  each  front  pile  through  low- 
er wale  and  through  the  hack  log.   The  rods  shall 
pass  through  the  front  piles  at  about  1,5  ahove  water 
level. 

The  rods  shall  have  button  heads  not  less 

than  twice  the  diameter  of  the  rods,    aad  shall 

5 
have  their  screw  ends  upset  to  1  ^  diameter  and 

furnished  with  standard  nuts. 

Under  both  heads  and  nuts  shall  be  placed 

wrought  iron  or  steel  washers  6  inches  square  and 

1_ 

2  "  thick.  Seats  shall  be  properly  placed  to  give 

firm  bearing  to  the  washers  against  piles  and  back 

log. 
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WALES 

To  he   of  white  onk  12  X  12  in,   and  placed 

as  shovvn  in  plan.    Thay  shall  be  made  continuous 

by  splice  joints  with  the  planes  of  splices  ver- 

3 
tical.   The  T  in,  drift  bolts,  12  inches  long, 

.shall  be  driven  through  each  splice  in  the  wale. 

The  wales  shall  be  secured  to  the  piles  by 
1 
rough  pointed  1  4  in,  drift  bolts,  21  inches  long, 

with  swaged  or  enlarged  heads  driven  in  holes  bored 
1 
l¥"  lejs  in  di^^istar  than  the  bolts,  one  at  each 

and  every   pile  crossing. 


SUPERSTRUCTURES 

The  design  of  the  superstructures  embodies 
in  the  main  the  principal  features  of  the  pier 
sheds  recently  constructed  for  the  Boston  Terminal 
of  the  Boston  and  Albany  Railroad,  and  for  the  new 
San  Francisco  shipping  piers.  The  framework  of 
the  sheds  consists  of  tr-tnsverse  bents  composed  of 
four  coli.cms  and  a,   roof—tr-isa  spacad  twenty  feet 
on  centers  lenglihwise  oT  the  pier  to  v/ithin  twenty 
feet  of  the  outer  end  which  is  open. 
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The  roof  truss  is  composed  of  three  sections 
as  shown  on  the  accompanying  print.  The  middle 
portion  has  a  span  of  fifty— four  feet  with  a  rise 
of  six  feet  at  the  center.   The  side  portions, 
which  are  alike,  are  34  ft,  in  span  with  a  rise  of 
3  ft,  \7h'3re  they  ar  j  attached  to  the  central  por- 
tion.  The  clear  head  room  at  the  center  is  twenty- 
four  feet  and  at  the  sides  13  feet.   The  trusses 
are  designed  for  a  total  vertical  load  of  fifty 
pounds  per  square  foot  (including  wind  and  snow). 
They  are  "braced  transversely  to  withstand  a  hor- 
izontal wind  pressure  at  the  side  of  the  shed  of 
forty  pounds  per  vertical  square  fo^-t. 

The  colvi.di'6   ar.j  cw.riposad  of  an  I— Section  luilt 
up  of  four  angles  and  a  plate.   The  chords,  web 
members,  and  knee  braces  of  the  trusses  are  long- 
itudinally braced  at  the  upper  extremities  of  the 
columns  by  struts  composed  of  two  angles.   The 
roofing   is  no,  20  corrugated  steel  and  is  supported 
by  6"  channel  purlins. 

All  sides,  except  where  windows  and  doors  oc- 
cur, ar^=;  covered  with  no,  22  corrugated  steel 
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Sheeting  fastened  to  3"   "Z— Bars," 

Partition  walls  are  constructed  of  terra- 
cotta block  filling  in  a  channel  and  angle  frajne- 
\7ork.  Where  these  walls  face  waiting  rooms  and  of- 
fices, they  are  finished  with  2— coat  plaster; 
elsewhere,  they  are  covered  "by  no.  22  galvanized 
sheet.   Waiting  rooms,  offices,  etc,,  have  a  ceil- 
ing of  stamped  sheet  steel. 

Large  doors  occupy  nearly  all  the  space  he- 
tween  the  wall'  columns  in  the  side^i  of  t.ha  shed^j. 
They  are  jf  the  Kinaaar  rollinc;  steal  type  and  are 
arranged  on  two  tracks.  Ventilation  is  provided 
"by  pivoted  windows  in  the  sides  of  the  center  truss. 
These  are  operated  "by  a  system  of  gearing,  in  blocks 
100  feet  long,  with  fifteen  windows  to  a  block. 
Alternate  panels  of  the  building  are  lighted  with 
central  11  X  18  feet  flat  sky— lights. 

The  equipment  of  the  buildings  includes 
steam— heating  apparatus  for  offices  and  waiting  rooms 
incandescent  lamps  for  tl.e  office.^  aiA  arc  lijhts 
for  the  roarway  and  warerooms,   "Pire  protection  is 
afforded  by  a  complete  system  of  fire  mains,  hose. 
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nozzles,  and  automatic  sprinklers  so  that  any  fire 
originating  in  the  contents  of  the  "buildinc  nay  be  imme- 
diately Gontrolled, 

COST  DATA 

On  account  of  the  alosence  of  any  undertaking^ 
with  close  similarity  to  the  Chicago  project,   it 
is  difficult  to  obtain  an  accurate  estimate  of  the 
probable  cost.   A  few  examples  will  be  cited,  however. 
The  timber  pier,  with  steel  sheds,  recently  con- 
structed by  the  Boston  and  Albany  Railroad  at 
Boston  is  240  fe^t  wide  and  781  feet  long  and  cost 
complete  4*700,000  or  about  |;4.00  per  square  foot. 
The  principal  quantities  of  materials  used  were 
6,200  piles,  1,500,000  feet  timber (board  measure) 
900,000  square  feet  pladter  board,  and  1900  tons 
structural  steel. 

According  to  data  published  by  the  Depart- 
ment of  Docks  and  Ferries  of  New  York  Ci-y,  the 
cost  of  timber  piers  there  varies  from  $1,00  to 
$2,50  a  square  foot,  depending  upon  the  length 
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and  number  of  piles  used.   An  average  pier  with 
piles  from  60  feet  to  70  feet,  in  length,  costs 
|l,20  complete,  exclusive  of  super-structure.  The 
pier  sheds  recontl/  "built  in  the  Chelsea  Improve- 
ment for  tr^-ns -Atlantic  steamships  give  the  follov^- 
ing  data: 

Pier  No,     Size      Cost  of  Shed   Cost  per  square  foot 

54  &  56   104  X  825    $1,132,520  #6,60 

57-8-9    129  X  825     $1,829,000  $5.73 

60-1-2    129  X  825    $1,543,960  $4,84 

Data  on  three  new  piers  in  the  Baltimore 
Harhor  is  also  available.  Pier  no,  1   is  551  feet  in 
average  length  and  150  feet  wide  over  all.   It 
has  a  wooden  pile  substructure,  v/i^h  masonry  aide 
walls,  earth  fill,  and  paved  surface.   Pier  no,  2 
is  200  feet  wide  and  638  feet  in  average  length, 
and  Pier  no,  3  is  200  feet  wide  and  772  feet  in 
average  length;  "both  are  substantially  the  same  in 
construction,  as  Pier  no.  1, 

Their  aggregate  area  is  362620  square  feet. 


l^ 


i';tiw  T9iq  ©n^.t;  .©liq  lo  "leitmjf.  hnh 

"■   ,  ■  ,   -i.qr;ioo  (  .:■:  ,  ^ ' 


i.:',i';.  06e,o^ejl|     RS8  X  et.- 

i^lOJ:'!.;  li^  .--en  oeir:'  no  i-^j'"" 

£  .oit    '  ■   ,  ■  t  {   ■ 

,:.oi  jouiJanoo 


42 


The  tatal  cost  was  $550,000  or  $1.52  a  square  foot. 
These  piers  were  completed  in  April  1903  u.nd  are  now 
partially  occupied  hy   six  companies  who  pay  an  an- 
nual rental  of  $96,000, 

following  is  a  list  of  the  principal  quanti- 
ties involved  in  the  construction  of  three  pieces  as 
designed  for  the  Chicago  Harbor:— 

Dredging  and  casting  over  245000 

cu.  yards,  at  20c $49,000 

Piling,  Material  21c  per  lin,  ft. 

Driving   4c  par  lin.  ft. 

Total    25c 

18,108  piles,  50  ft, long  at  25c, 226, 350 
•9899  piles,  40  ft, long  at  25c,  92,990 
154    piles,  30  ft. long  at  25c,   1,150 

$  320,490 

Lumber, 

Yellow  pine  delivered— $30  per  M.  (board  measure) 
White  oak      "      $45  per  M. 
Labor  $20  per  U. 


?!(•!■  r  H  o  h 


nl3i)eiu 


Of-,,      ^  ,    o.rirr  SOI, 6  1 


■10(f£j 


43 


Oak:  Waling  lOlM,  at  |65 $6,565 

Yellow  pine: 

Ranger  ayatem  2074  M, 
Sheet  piling  3ir.l  M. 
Curting  33  M, 

Flooring  2091  M. 

Transverse  stringers  417  M, 
Transverse  "bracing  482  M, 
Longitudinal  bracing  447  M, 
Capping  1200  M, 


Total     -  _  _   9910  M.at  $50 
$495,500 


Struclit8al  steel: 

118  trusses  at  1667'^  pounds 

1957,4  tons 

Longitudinal337.3  tons 
Purlins  245,4  tons 
Girts         4,0  tons 


$502,065 


Per  pier   2254.1  tons 

Three  piers 

6762,3 
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Cost  of  steel  in  place, 4c  per  lb. 
Total  cost $.540,904 

To  the  foregoing  items  must  "be  added  127440 
sq.  ft,  of  Shuman  sectional  bitvuninated  pavement 
3  4  inches  thick,  431,380  sq,  ft,  of  no,  20  cot- 
rugated  steel  roofing,  13,39<j  sq,  ft,  of  no,  22 
corrugated  steel  siding,  12GB  sliding  doors,  990 
ventilator  windows,  and  various  otiie''  items  of 
interior  fiirnisliinij  aiid  aquipnenta, 

Jfro'v.   the  foregoing  considerations  it  appears 
that  the  cost  will  avera-i^e  auoi.:'  $5,00  a  square 
foot,  laakinc  a  total  ,(ror  the  thre^^  piers  co,;i— 
plete  with  superstructure)   of  ^2, 538, 000, 
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